Introduction {#sec1-1}
============

*Helicobacter pylori* infection is the main known cause of gastritis, gastroduodenal ulcer and gastric cancer. After 30 years of experience in *H. pylori* treatment, however, the ideal regimen to treat this infection eludes us.\[[@ref1]\] *H. pylori* antibodies are detected in blood few weeks after infection (active infection), in case of past exposure or after antimicrobial eradication. Moreover, individuals vary considerably in their antibody responses to *H. pylori* antigens.\[[@ref2]\] Therefore, the urea breath test (UBT) is considered to be a "gold standard" technique for detection of *H. pylori* infection. When using 37 kBq (1 μCi) of ^14^C-urea for the ^14^C-UBT, the patient is not exposed to more radiation than is acquired from the natural environment in 1 day as almost all the ingested radioactivity is excreted from the body (urine and breath) within 72-120 h. Thus, ^14^C-UBT use in children is justified without any fear of "radiation phobia."\[[@ref3]\] The eradication rate of *H. pylori* by the standard 10-day triple therapy (a proton pump inhibitor \[PPI\], clarithromycin and amoxicillin; each given orally twice daily) is decreasing due to antibiotic resistance, mainly to clarithromycin.\[[@ref4]\] In contrast, the sequential 10-day therapy (a PPI and amoxicillin; each given orally twice daily for 5 days; followed by a PPI, clarithromycin and tinidazole; each given orally twice daily for another 5 days) is promising and achieves higher eradication rates.\[[@ref5]\]

*H. pylori* infection has been found to be associated with low iron stores\[[@ref6]\] and iron deficiency anemia.\[[@ref7]\] In iron deficiency anemic *H. pylori*-infected patients, eradication of the infection could be effective in improving anemia and iron status. The difference from baseline to endpoint of hemoglobin, serum iron and serum ferritin was significantly different between anti *H. pylori* treatment plus oral iron and oral iron alone.\[[@ref8]\] Serum ferritin level is positively correlated with the total iron stores in the absence of inflammation where low serum ferritin reflects depleted stores.\[[@ref9]\] This study was therefore designed to investigate, which *H. pylori* eradication regimen; sequential or standard; more effectively improves the associated iron status and iron deficiency in children.

Materials and Methods {#sec1-2}
=====================

Study Design {#sec2-1}
------------

The study protocol was approved by the Research Ethics Committee and was performed in accordance with the international guidelines of medical research. The study was conducted on recently-diagnosed *H. pylori* positive; otherwise apparently healthy; intermediate school male children (12- 15 years). They were tested for *H. pylori* immunoglobulin G (IgG) antibody and those positives were subjected to UBT to detect active infection. Children who consumed acid inhibitors, bismuth compounds or antibiotics during the previous 4 weeks or those with known allergy to antibiotics were excluded. Written informed consent was obtained from fathers of all subjects. Serum ferritin was measured for 18 boys, then they were randomized 1:1 into two groups (*n* = 9). One group received the standard eradication therapy consisting of rabeprazole 20 mg, clarithromycin 250 mg and amoxicillin 500 mg each administered orally twice daily for 10 days. The second group received the sequential eradication therapy consisting of rabeprazole 20 mg and amoxicillin 500 mg for 5 days, followed by rabeprazole 20 mg clarithromycin 250 mg and tinidazole 500 mg for another 5 days, each administered orally twice daily. Boxes containing a number of these tablets sufficient for the treatment duration were provided to each child. Patient compliance was evaluated by counting the number of tablets returned.\[[@ref10]\] Six weeks after completion of eradication therapy, *H. pylori* status was assessed using UBT and serum ferritin was measured to estimate effects of eradication therapy on it. The preparations used were: Rabeprazole (Pariet, 20-40 mg, Janssen-Cilag, Eisai Co., Ltd., Tokyo, Japan), clarithromycin (claridar, 15-30 mg/kg) and amoxicillin (amoxydar forte 20-40 mg/kg), Dar Al Dawa, Na'ur, Jordan and tinidazole (Fasign, 50-75 mg/kg, Pfizer Ltd., Co., Tadworth, Surrey, UK).

Measurement of Serum *H. pylori* IgG {#sec2-2}
------------------------------------

Serum *H. pylori* IgG level was measured by the enzyme linked fluorescent assay (ELFA) test with BioMérieux HPY-VIDAS system (Marcy l'Etoile, France). Three milliliter of blood was obtained from each subject and the sera were stored at -80°C until analysis. The assay principle combines a two-step enzyme immunoassay sandwich method with a final fluorescent detection (ELFA). It has a sensitivity of 98.10%, specificity of 90.82% and was interpreted as follows: \<0.75 is negative, ≥0.75 to \<1.00 is equivocal and ≥1.00 is positive.\[[@ref11]\]

UBT {#sec2-3}
---

After overnight fast, boys swallowed 37 kBq (1 μCi) of encapsulated ^14^C urea/citric acid solution (Helicap^™^, Kibion AB, Uppsala, Sweden) with 25 ml water. Breath samples were collected into Heliprobe^®^ breath cards within 10 min. Subjects exhaled into the breath card until its color indicator changed from orange to yellow. The breath samples were measured using the Heliprobe Analyzer^®^ and the activity was measured for 240 s. Values \<25 counts per minute (cpm) were defined as Heliprobe 0 (not infected), 25-50 cpm as Heliprobe 1 (equivocal) and \>50 cpm as Heliprobe 2 (infected).\[[@ref12]\]

Measurement of Serum Ferritin {#sec2-4}
-----------------------------

Serum ferritin was quantitatively measured using the architect ferritin reagent kit (Abbott Laboratories, Abbott Park, IL, USA), which combines a two-step chemiluminescent microparticle immunoassay technology with flexible assay protocols, referred to as Chemiflex. In the first step, sample and anti-ferritin coated paramagnetic microparticles were combined. Ferritin present in the sample binds to the anti-ferritin coated microparticles. After washing, anti-ferritin acridinium labeled conjugate is added in the second step. Pre-trigger and trigger solutions are then added to the reaction mixture; the resulting chemiluminescent reaction is measured as relative light units (RLUs). A direct relationship exists between the amount of ferritin in the sample and the RLUs detected by the Architect optical system.\[[@ref13]\] Normal range of serum ferritin in children aged 12-15 years old is 20-200 ng/ml.\[[@ref14]\]

Statistical Analysis {#sec2-5}
--------------------

The Statistical Package for the Social Sciences (SPSS 18, IBM Corp., New York, USA) program was used. Analysis of data was performed on an on-treatment analysis. The Chi-square (χ^2^) test was used for comparison of nominal data. Numeric values were given as mean values ± standard error of mean analysis was performed for paired data using two-tailed Student\'s *t*-test. A value of *P* \< 0.05 was considered to be statistically significant.

Results {#sec1-3}
=======

In the current study, 18 *H. pylori*-positive children were enrolled. Two boys from the sequential therapy group were poorly compliant, considered drop-outs and excluded. 16 were included in the on-treatment analysis, with nine and seven in the standard and sequential groups, respectively. Six weeks after completion of therapy, *H. pylori* test on ^14^C-UBT was negative in 5 (55.6%) of nine patients in the standard and in 4 (57.1%) of 7 patients in the sequential groups. This eradication rate although slightly higher with sequential therapy, it is non-significant (*P* = 0.949) \[[Table 1](#T1){ref-type="table"}\]. To exclude any direct effects of drugs (i.e., not through *H. pylori* eradication) on serum ferritin, it was measured post-treatment for all children (i.e., whether UBT was negative or positive) and non-significant differences were found \[[Figure 1](#F1){ref-type="fig"}\]. As shown in [Table 2](#T2){ref-type="table"}, serum ferritin in the same group (standard or sequential), non-significantly differed before and after therapy. Between the two groups, serum ferritin before therapy was quite different, however that difference was non-significant. After therapy, the difference between both groups was also non-significant \[[Figure 2](#F2){ref-type="fig"}\].

###### 

Effect of *H. pylori* eradication therapy, standard and sequential (*n*=9 and 7 respectively), on urea breath test (expressed as percentages of the total number of cases)
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![Effect of *Helicobacter pylori* eradication therapy, standard and sequential (*n*=9 and 7 respectively), on mean serum ferritin after treatment (mean SF after Tx) in case of success and failure of *H. pylori* eradication (negative and positive urea breath test respectively)](IJPharm-45-470-g002){#F1}

###### 

Effect of *H. pylori* eradication therapy, standard and sequential (*n*=9 and 7 respectively), on serum ferritin (ng/ml)
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![Effect of *Helicobacter pylori* eradication therapy, standard and sequential (*n*=9 and 7 respectively), on mean serum ferritin after treatment (mean SF after Tx) irrespective of *H. pylori* eradication](IJPharm-45-470-g004){#F2}

Discussion {#sec1-4}
==========

The UBT is a highly accurate test with sensitivity and specificity over 95%. It is used to diagnose active *H. pylori* infection in IgG-positive subjects and to detect successful eradication after therapy.\[[@ref15]\] The current study showed that *H. pylori* eradication rate although slightly higher with sequential therapy, it was non-significant compared with that of standard therapy. Serum ferritin non-significantly differed between the two therapy groups and in the same therapy group before and after treatment.

In a systematic review, it was mentioned that that while the majority of the randomized clinical trials (RCTs) have shown superior eradication rates with sequential therapy, the largest RCT from Latin America did not find a significant difference between the standard and sequential regimens. It was concluded that sequential therapy has good efficacy; however, further trials other than those from Asia and Italy are required to assess its superiority over existing regimens before recommending it as the first line of treatment for *H. pylori* infection.\[[@ref16]\] In children with *H. pylori* infection, sequential therapy resulted in a higher eradication rate than standard therapy although the difference was of borderline statistical significance.\[[@ref17]\] In an Italian study, eradication rate was found to be significantly greater with sequential than standard treatment; however, this may be due to the additional antibiotic (tinidazole) in sequential therapy. Incomplete follow-up in this study makes results non-generalizable to other countries.\[[@ref18]\]

*H. pylori* infection was not significantly related to low serum ferritin or iron deficiency anemia.\[[@ref19][@ref20]\] Moreover, *H. pylori* infection had a non-significant negative effect on serum ferritin in children and no significant difference in prevalence of iron deficiency was found between *H. pylori*-positive and negative groups.\[[@ref14]\] However, in another study, serum ferritin was significantly lower and iron deficiency was significantly higher in *H. pylori*-seropositive than in seronegative children.\[[@ref21]\] The benefit of *H. pylori* eradiation for iron deficiency anemia has been extensively studied, but data are still equivocal. In a double-blind randomized trial among non-iron-deficient asymptomatic *H. pylori*-infected children living in the contiguous United States, no effect of *H. pylori* eradication regarding changes in iron stores was found. However, those who had their infection eradicated by the quadruple sequential eradication at follow-up had a significantly larger increase in serum ferritin from baseline.\[[@ref22]\] In contrast, *H. pylori* infection was found to be correlated with lower serum ferritin and iron deficiency. After eradication, serum ferritin increased and approximately half of persons resolved their iron deficiency.\[[@ref23]\] This controversy may be explained by a seroepidemiologic study in school children in Pondicherry in India that mentioned that response to anti-*H. pylori* therapy in children with iron deficiency could establish the causal relationship between iron deficiency anemia and *H. pylori* infection only after other causes of iron deficiency such as hookworm infestation and poor iron intake have been identified and treated.\[[@ref24]\]

A limitation of the present study is that it was conducted on a relatively small number of male children. Thus, a larger study in different pediatric age and gender groups is recommended.

Conclusion {#sec1-5}
==========

*H. pylori* eradication rates in children were non-significantly different in sequential versus standard therapy. Moreover, serum ferritin was non-significantly different between both therapies and in the same therapy group before and after treatment. Further studies enrolling more markers of iron deficiency are required to precisely assess the relationship between *H. pylori* eradication therapy and iron status and to determine which regimen, sequential or standard, is considered superior in this respect.
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